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SUMMARY

An e~erimentalinvestigationwasmadeto determinetheaerodynamic
heattransferandpressuredistributiononflat-platemodels(50 inches
long)wtthvariousarrangementsofexternalstiffenersmountednormalto
thedirectionofairflow.Thetestsweremadeundersteadyflowcondi-
tionsina freejetatMachnuuibersof0.77, 1.39, and1.98, withReynolds
numbersof3 x 106,7 x 106,and14x 106,respectively,basedona length
of1 foot..

At allthreeMachnunibers,theadditionof stiffenersto a flat
. platecausedMrge pressurevariationsandlargepressurelossesinthe

flowalongtheplate.Thetestsat a Wch numberof1.98 showedthatthe
magnitudeofthesepressurevariationsandlossescausedby thefirst
fourstiffenersremainedconstantregardlessof stiffenerheight,stiff-
enerspacing,andmodelscale.

At allthreeMachnunibers,theheattrsnsferonthestiffeners,as
shownby theStsntonnuxibersbasedonfree-streamproperties,hadlarge
variations,theheattransferbeingmaximumontheupstreamsurfaceand
decreasingto a minirmunon eitherthetopordownstreamsurface.The
testsat a Machnumberof1.98 showedthat anincreasein stiffenerheight
decreasedtheaveragelevelofthefree-streamStantonnunibersonthe
platebetweenstiffeners.OthertestsatthissameWch numberindicated
thattheaverageleveloftheStantonnumbersontheplatebetweenstiff-
enersremainedconstantregardlessof stiffenerspacingormodelscale.

%he informationpresentedhereinwaspreviouslygivenlimited
distribution.
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INTRODUCTION

In
alsoas

somemissilesystems,theexternalwallof themissileserves
thewallofthefueltank. In suchsystems,oneproposalfor

.

theconstructionofthemissilewallis tousea verythinskinthatis
stiffenedby thecombinationof internalpressureandexternalstiffeners.
Oneof thefactorsaffectingthedecisionto usesuchanexternally
stiffenedarrangementis theaerodynamic-heatingcharacteristicsof the
skin.Withtheheatingcharacteristicsknown,thestrengthoftheskin
canbe estimated.

Inviewoftheaforementionedproposal,a progrsnwasinitiatedto
determinetheeffectsofaddingthestiffenerframes,theeffectof
frameheightandspacing,andtheeffectofscaleon theaerodynsmic-
heatingcharacteristicsoftheskin.Threeflat-platemodelssimulating
thevariousproposedstiffeningarrangementsandoneflat-platemodel
withno stiffenersweretestedin the27-by 27-inchnozzlesofthe
preflightjetoftheLangleyPilotlessAircraftResearchStationat
WallopsIsland,Va. Thetestswereperformedat sea-levelpressure
conditionsatReynoldsnumbersof 3 x 106, 7 x 106, and14x 106,based
ona lengthof 1 foot,forMachnumbersof0.77, 1.39, and1.98,
respectively.

Theoreticalmethodsandtestdataarepresentlyavailableforheat-
.

transfercalculationsforbothplatesandbodiesinhigh-speedflow;
however,thesedataaresatisfactoryonlyforaerodynamicallycleansur-
faces.Theexternallystiffenedconfigurationproposedmayalterthe

.

flowconditionsat thesurfacein sucha waythatavailablemethodsfor
determiningheat-transfercoefficientsmaynotbe valid.Thetestswere
madetodetermineheat-transfercoefficientsat variouspointsonthe
skinandstiffeners,andtheseheat-transfercoefficientswerecompared
withflat-plateheat-transfercoefficientsat similarpoints.This
comparisonpermitteda directevaluationoftheeffectsoftheexternal
stiffenerson theaerodynamic-heatingcharacteristicsoftheskin.

SYMBOLS

Cp,W

CP

R

specificheatofskin,Btu/lb-OR

Pz - Pmpressurecoefficient,
%

radius,in.
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cPjm

Pm

h

M

%t ,C’n

P~

Pm

%0

t

1-

T’eq

Tt

Tw

Vm

x

free-streamspecificheatofairat constantpressure,
Btu/lb-OR

weightdensityof skin,lb/cuft

free-streamweightdensityofair,lb/cuft

localaerodynamicheat-transfercoefficient,
Btu/(see)(sqft)(OR)

free-streamMachnumber

Stantonnuuiberbasedon free-streamconditions,
c-p,:%%

localstaticpressure,lb/sqft

free-streamstaticpressure,lb/sqft

free-streamdynamicpressure,lb/sqft

skinthiclmess,ft

time, sec

equilibriumtemperature,%

free-streamstagnationtemperature,%

walltemperature,%

free-streamveloci~ofair,ft/sec

distancefromleadingedgeofplate,in.

lwmRATus

Models

Drawingsofthefourplatestestedareshownin figure1. The
detailsof constructionandthematerialsusedareshownintheupper
portionofthefigure.Thesideviewsofthefourplateswiththemajor
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dimensionsareshownin
inlengthandweremade
simulatethefairingto
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thelowerportion.Theplateswere50 inches
witha 7.417°wedgeat theupstreamendto
thesupportingstructure.Theexternalstif.

fenersweremountednormaltothedirectionoftheflow.

Thehat-shapedstiffenersandtheskintowhichtheywereriveted
wereallmadeofInconel.Thismaterialwasusedbecause,inadditionto
beinga goodcalorimeterforheat-transferinvestigations,ithadlow
conductivityandwouldtherebyreduceconductioneffectsalongtheskin.
Theskinwasmadethin(0.062inch)to increasethetemperatureresponse
oftheskinandalsotoreducethetemperaturelagthroughtheskin.

As shownin sectionA-A (fig.1)thesupportingspacerswereplaced
soasto leavethreelargeopenbaysoverwhichtheskinwasisolated
fromlargeheatsinks.In tier to isola.tefurthertheskinfromthe
supportingstructure,a sheetof0.125-inch-thickasbestoswas@aced “-
undertheskin. Theskinmadecontactwiththesupportingstructure
throughrivetsandat itsupstreamedge.

Eachofthefourplateshada rowofiron-constantanthermocouples
(No.30 gagewire)inthemiddleofthecenterbayanda rowof static:
pressureorifices(0.0625-inchdiameter)in.oneofthesidebays. In
addition,topermittheheatconductionintothespacerstobe deter-
mined,a fewotherthermocouplesweremountedontheskinnearthe
spacers.

TestFacility

Theinvestigationreportedhereinwasconductedinthepreflight
jetoftheLangleyPilotlessAircraftResearchStationatWallopsIsland,
Va. Thetestsweremadeinthe27-by 27-inchfreejetat sea-level
pressureconditionsforfree-streamMachnunibersof0.77,1.39,and1.98.
Thestagnationtemperatureforalltestswasapproximately935°R. This
blowdownjetismorefullydescribedinreference1.

A photographofplateIVmountedattheexitofthe27-by.27-inch
nozzleis showninfigure2. Theotherplatesweremountedinthesame
manner.Theleadingedgeoftheplatewaspositionedapproximately
1 inchesupstreamofthenozzleexit. Thecenterlineoftheplate%’
coincidedwiththecenterlineof thenozzle.tithisposition,the
majorportionof theplatewasinthehomogeneousflowfieldfromthe
nozzle.

As showninfigure2,extensionswereboltedto theupperand
luwernozzleplatesto supporttheplateonwhichheattransferwasto
be determined.Thethermocoupleleadsandthepressuretubescanbe
seenextendingfromtherearoftheplate.
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PROCEDURE

Tests

.

.

.

At thebeginningof eachblowdowntest,therewasa periodofabout
2 secondsduringwhichthepressuresndtemperatureofthejetweretran-
sient.Thepressureandtemperaturethenbecamesteadyandweremain-
tainednearlyconstantforperiodsof 8,18,and36 secondsatMachnum-
bersI-.98,1.39,and0.77,respectively,afterwhichtimetherequired
free-streamtotalpressurecouldnotbe maintainedbecauseoftheexhaus-
tionoftheairfromthestoragespheres.Thesepressureandtemperature
measurementsweretimecorrelatedby oscillographrecorders.

AllfourplatesweretestedatWch nunibersof1.98in orderto deter-
minetheeffectsofaddingthestiffenerfrsmes,theeffectofframeheight
andspacing,andtheeffectof scaleontheaero@amicheatingcharacter-
istics. PlatesI andIIwerealsotestedatMachnuribersof0.77and1.39
in ordertodeterminetheeffectofl&chnumiber.

Thetestswereperformedat zeroangleofattackat sea-levelpressure
conditionsatReynoldsnunibersof3 x 106,7 x 106,and14x 106,basedon
a lengthof1 foot,.forMachnumbersof0.77,1.39,and1.98,respectively.
Thefree-stres.mtotaltemperatureforalltestswasapproximately935°R,
whichisthetotaltemperaturefora Machnuniberof1.98at standardsea-
levelconditions.Thistemperaturewasusedforalltests,includingthose
atlkchnumbersof0.77and1.39,inordertoassurethatthetemperature
forcingfunctionTeq- ~ andthetemperature-timederivativedTw/dT
wouldbe of sufficientmagnitudeto assurefairaccuracyinthedata
reduction.

ReductionofData

Theaerodynamicheat-transfercoefficientswerecalculatedfromdata
measuredduringthetransientheatingoftheplateaftertheestablishment
of steadyairflowfromthenozzle.Radiationfromtheplatesurfacesnd
conductionintotheinternalstructurewerefoundtobe negligible.Con-
ductionalongthesurfaceina streamwisedirectionwasalsonegligible
exceptforthestiffeners.Onthestiffeners,estimatesindicatedthat
conductionwasprobablyoftheorderof10percentoftheconvectiveheat
transferin severalcases;however,therewereinsufficientmeasurement
pointsto determinethisconductionwitha satisfactorydegreeofaccuracy.
Therefore,theconvectiveheat-trsnsfercoefficientsarepresentedforall
measurementpointsonthemodelswithoutattemptto makeconductioncor-
rections.Itisbelievedthattheheat-transfercoefficientsontheflat-
platesurfacesofthemodelsareprobablyaccuratetowithin15percent,
whereasthoseonthestiffenersareprobablyaccuratetowithin27percent.



mcllTN4333

Neglectingradiationandconduction,theconvectiveheattransferred
to themodelcanbe eqwtedtotheheatabsorbedby themodelskinper
unitoftime. Thisrelationisexpressed.inthefollowingequation:

‘(Teq - ‘w) dTw
= Pwcp,wt~

Theaerodynamicheat-transfercoefficienth wasevaluatedby usingthe
weightdensitypw oftheInconelskinas 518poundspercubicfootand
itsspecificheatasgiveninreference2. Theskinthicknesst at
allthermocouplestationswas0.062inch.._—

Theskintemperatureanditsrateof changewithtimewereobtained
fromthemeasuredtimehistoriesoftheskintemperature.A typicalskin-
temperatureandstagnation-temperatureti~ historyforeachMachnumber
is showninfigure3. Thisfigureshowsthatboththerateof changeof

dTw
walltemperature

F
andthetemperatureforcingfunctionTeq- TV

wereof similarmagnitudeforeachtestMachnumberatthetime(approxim-
ately 5 seconds)whentheStantonnuuibersweredetermined.

Theequilibriumwalltemperatureateachthermocouplewasobtained
by plottingthetemperatureagainsttheslopeofthetemperature-time
curveandby extrapolatingthiscurvetotheequilibriumwalltemperE-

—

turewhichwouldoccurat zeroslope.Thesetemperatureslopecurveswere
bestfairedandextrapolatedwithstraightlines,whichindicatedthat
theheat-transfercoefficientswereessentiallyconstantwithwalltem-
perature.Sincetheheat-transfercoefficientswereessentiallycon-
stant,they,areonlypresentedforonetimeduringeachtest.Thevalues
ofwalltemperatureatwhichtheseheat-transferdataarepresentedare
givenintableI.

RESUITSANDDISCUSSION

PressureDistributions

Thepressurecoefficientsforthefourplatesarepreeentedat the
topoffigures4 to 9. Thelocationsofthepressureorificesonthe
stiffenersare.asshowninfigure1. Thelocationsofthoseontheflat
partofthemodelswerenotgivenInfigure1,butareindicatedby means
ofthedatumpointsinfigures4 to 9., -T

As
didnot

expected,thepressuresontheflat-platemodel(PlateI)fig.4)
varyappreciablyfromthefree-streamstaticpressure.However,
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thepressureson themodelswithstiffeners(figs.7 to9) didvarycon-
siderably.A riseinpressureoccurredupstreamofeachstiffenerand
reacheda maximumon the~stresmfaceofthestiffener.Thepressure
decreasedrapidlydownstreamofeachmsximumpressurepointandreacheda
mintimnat differentpoints,withtheminimumdependingonthefree-stream
Wch numberandon thenmnberofstiffenersoverwhichtheflowhadpro-
gressed. ‘Ihepressuredataindicatethattheadditionof stiffenerstoa
flatplateat allthreeMachnmnberscausedlsrgepressurelossesin the
flowalongtheplatesince,ingeneral,themagnitudeof thepressure
wiations decreasedforeachsucceedingstiffeneras theflowprogressed
downstream.

Effectof stiffenerheight.-By comparingthepressuresforplateII
(fig.7) andplateIII(fig.8), itwillbe notedthatata Machnumber
of 1.98theincreaseinheightofthestiffenersfrom0.4inchto 1 inch
didnotnoticeablychangethemagnitudeof thepressurevariations.
Likewise,thisincreaseinheightof thestiffenersdidnotchangethe
locationof themaximumandminimumpressures.‘I!hepressuresdownstream
ofthestiffenersindicated,however,thatthehighstiffenersinfluenced
thepressuresfartherdownstream.It isprobablealsothatthehigh
stiffenersinfluencedthepressuresfartherupstream,althoughtherewere
insufficientmeasurementpointsto confirmthis.

Effectof stiffenerspacing.-By comparingthepressuresforplateII
(fig.7)andplateIV (fig.9),itwillbe notedthatat a Machnumberof
1.98decreasingthespacingof thesmallstiffenersfrom11.725inchesta
4.69oinchesdidnotnoticeablychangethemagnitudeof thepressure
variations.Also,thisdecreasein spacingof thestiffenersdidnot
significantlychangetheextentofthedownstreampressureinfluences.
The4.690-inchspacingofthestiffenerswasequaltoorlessthanthe
distancesufficienttoeliminatetheconstant-pressureregionwhichprob-
ablyexistedbetweenthewiderspacedstiffeners.

As mentionedpreviously,themagnitudesofthepressurevariations
were,ingeneral,a functionofthenmnberofstiffenersoverwhichthe
flowhadprogressed.Thus,at a Machnumberof1.98,thegreaternumber
of stiffenersina givenlengthproducedthegreaterpressurelossesin
theflowalongtheplate.Thisis substantiatedby comparingthemagni-
tudeof thepressurevariationsforplateIV (fig.9)withthosefor
plateII (fig.7).

Effectof scale.-By comparingthepressuresforplateIII(fig.8)
andplateIV (fig.9),theeffectof changingthemodelscalecanbe
determined.PlateIIIisnotexactlya scaledversionofplateIVsince
theshapeofthestiffenerissomewhatdifferentandsincethelengthof
plateupstreamofthefirststiffenerwasthesameforboth. If thesetwo
departuresfromgeometricsimilarityareneglected,however,theeffectof
scalecanbe determined.By comparingthepressuresintheregionof the
firstfourstiffenersoneachplate,it canbe seenthatat a Machnumber
of1.98 thepressurevariationsareofaboutequalmagnitudeat thesame

—
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scaledpositions.Itmaybe concludedthatincreasingthescalewithin
thisrangedidnotincreasethepressurelosses.

EquilibriumTemperatures

The
are also
obtained

experimentalequilibriumtemperatureratiosforthefourplatesare
showninfigures4 to 9. As statedpreviously,thevalueswere
by plottingtheslopeofthetemperature-timecurvesagainst

walltemperatureandby extrapolatingto zero”slope.
.—

Theequilibriumtemperaturesontheplateswithstiffenershadcon-
siderablescatter.Hence,insteadofattemptingto fairthedatawith
connectingcurves,onlypartial-spanstraightlinesweretiawnbetweenthe
datapointstohelpto-givecontinuity.Thereweresomethermocouples
duringeachtestthatwereinoperativeandcauseddeficienciesinthe
datawherethedataweregreatlyneeded.Wherethesedatapointswere
notobtainable,thestraightlinebetweendatapointswasomittedto
emphasizethediscontinuityofthedataattheseplaces.

Inalltestsinwhichthesmallstiffenerswereused,theequilib-
riumtemperaturesweregenerallyhighestonthetopofthestiffeners.
Forsomereasontheequilibriumtemperaturesonthesecondstiffenerof
plateIIdidnotfollowthispatternwhentestedat a Machnumberof1.39.
Inthetestinwhichthelargestiffenerswereused,theequilibrium
temperatureswerehighestontheupstresmfaceofthestiffenersand
lowestonthedownstreamface. ~.

Theequilibriumtemperaturesasplottedinthesefiguresshowthat
thetemperaturegradientswouldgenerallyhavebeenverylargeonthe
stiffenersifthetestshadcontinuedlongenoughforthetemperature
gradientstoreachequilibrium.Also,at somepointson theflat-plate
portionsof themodels,thetemperaturegradientswouldhavebeenfairly
largeatequilibrium.Ifno streamwiseconductionhadexisted,thetiri-
ationin theseequilibriumtemperatureswo_yldhavebeenevengreaterthan
shown;thatis,thehighequilibriumtemperatures“wouldhavebeensomewhat
higherandthelowequilibriumtemperatureswouldhavebeensomewhatlower.

HeatTransfer

Theheattransferonthefourplatesfor
theformofStantonnumber.Sincelocalflow
determinedontheplateswithstiffeners,the

.—

alltestsispresentedin
condition-scouldnotbe
Stantonnumberserebased

onfree-streamconditions.OnplateI (nostiffeners)thelocalandfYee-
streamflowconditionswerealmostidentical.Hence,onthisplate,the
Stantonnumberscanbe consideredtobebasedoneitherlocalorfYee-
streamconditions-~ependingonthecomparisonneeded.Thisflatplate
wastestedto determinetheheattransferona flatplateinthepre-
flight,-jet,“andhencetoprovidea basisonwhichto comparetheheat
tr.~feroftheotherthreeplates.
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mentionedpreviously,thelargeconduction
onthestiffenersmadetheStsntonnumbers

9

effectsthatwere
shownforthestiff-

enersveryinaccurate.However,a qualitativedeterminationofthe
effectsofthestiffenersontheheattransfercanstill.be obtained.
Also,asdiscussedinthesectionentitled“Equilibriumtemperatures,”
someofthethermocouplesonthestiffenerswereinoperativeduringeach
testsndcauseddeficienciesinthedatawherethedataweregreatly
needed.WheretheseStantonnuniberscouldnotbe obtainedonthestiff-
eners,thestraightlinesbetweendatapointswereomittedto emphasize
thediscontinuityofthedataatthesepoints.

Effectof stiffeners.-Ontheflatplatein figure4, thedashed
curvesshownontheSt-tonnuder plotsarecurvescalculatedby the
VanDriestflat-plateturbulenttheory.(Seeref.3.) Theturbulent-
theorycurvesandthedataobtainedwerein goodagreement.Thesetheory
curveswerea goodfairingoftheactualdataandweresuperposedonthe
dataoftheotherplates(figs.5 to 9) sothata heat-transfercoDlPari-
son couldbe madebetweentheflatplateandtheplateswithstiffeners.

As shownin figure5, theadditionof stiffenersat a Machnumber
of0.77causedtheStantonnumbersontheflatportionoftheplateto
be generallymuchgreaterthanfortheplatewithoutstiffeners.Figm?e6
showsthattheadditionofthesesamestiffenersat a Machnuniberof1.39
causedtheStantonnumbersontheflatportionsoftheplatetobe gener-
allyslightlygreater,whereasfigure7 showsthattheadditionofthese
samestiffenersata Machnumberof 1.98@e practicallyno changein
theStantonnumberson theflatportionsoftheplate.

TheStantonnumbersonthestiffenersatallthreeMachnmnbershad
someverylargevariations.On thefrontfaceofthestiffener,the
Stantonnumberwasalmostalwaysgreaterthanat anyotherplaceon the
stiffener.Fromthesemaximumvalueson thefrontface,theStanton
numbersdecreaseddownstreamtoa minimumvalueonthetopordownstream
surfaceof thestiffener.Thelocationonthestiffenersatwhichthe
minimmStantannumbersoccurreddidnotappearto& consistent.

Effectof stiffenerheight.-Theeffectofstiffenerheighton
Stantonnumberata Machnumberof1.98canbe notedby comparingthe
Stantonnumberplotsat thebottomoffigures7 and8. No definitecom-
parisonscanbemadebetweenthemaximummagnitudeinStantonnumbers
whichoccurredon thestiffeners.Someof thedataon stiffenersthat
wouldhavehelpedinmakingthiscomparisonwerenotobtained.

Onecomparisonthatcanbemadebetweenthesetwoconfigurationsis
theeffectof stiffenerheighton theflat-plateStantonnunbers.Fig-
ure7 showsthat,eventhoughtheStantonnumbersonthestiffenershad
largevariations,thesestiffenershadnonoticeableeffect
numberaveragefortheflat-plateportions.Thescatterof

ontheStanton
thedatafor
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*
theflatplatebetweenstiffenersapparentlyisnogreaterthsmthatfor
theflatplatewithoutstiffeners.Figure8,however,showsthatthe .
higherstiffenerscauseda considerabledetiationintheflat-plateStanton “
numbersccmparedwiththeStantonnumbersfortheplatewithoutstiffeners.

.

Thisresultisconsistentwiththecomparisonofpressurecoefficients-in
figures7 and8,whichindicatedthatthehigherstiffenersdisturbedthe ‘J .
flowovermoreoftheplatethandldthelowstiffeners.Thisdisturbed
flowcausedby thehigherstiffenersseemed–tobe favorableinthatthe
Stantonnumbersbetweenstiffenerswere,ingeneral,somewhatlowerthan
flat-platevalues.

Effectof stiffenerspaci~.-As notedintheprevioussection,a good
comparisonbetweentheStantonnumbersonthestiffenersata Machnumber
ofi.98 cannotbe determinedbecauseofthelackof dataat important
pointsandbecauseoftheerraticnatureofthedataonthestiffeners. .
Hence,onlytheeffectofstiffenerspacingontheflat-plateStanton —

numbersisdiscussed. .-

Incomparingfigures7 and9, itappearsthata decreasein spacing
didnotchangetheStantonnumberaverageontheflatplatebetweenstiff-
enersbutdidcausethedatatobemoreerratic.Thismaybe dueto the
factthata pressuregradieritexistedontheflatplatebetweenstiffeners
at thisclosespacing.At thegreaterspacingshowninfigure7, the

—

pressuregradientontheflatplatebetweenstiffenerswasdoubtlessnear
zeroforthemajorportionofthespacing.

.
.— .—.— -

Effectof scale.-PlateIIIisa scaled-upmodeloftheheightand
spacingofthefirstfourstiffenersofplateIV.

*
Theactualshapeofthe ““ –

stiffenerisslightlydifferentandthelengthofplateups”tresmof the
firststiffenerwasnotscaledup. If thesetwodeparturesfromgeometric
similarityareneglected,thentheeffectofscalecanbe determined. ‘ +.

By comparingthepressurecoefficientsinfigures8 and9, itappears
thattheflowis somewhatsimilarlydisturbedforthefulldistancebetween “–
stiffenersforthetwodifferentscalemodels.Hence, asexpected,the
Stantonnumberaveragebetweenstiffenersforthesetwomodelsata Mach

.

numberof 1.98isaboutthesame.However,thelocalStantonnumbersfor
thesmall-scalemodel(fig.9)didappeartobemoreerraticbetween
stiffeners.

.— —
.

CONCLUSIONS

An experimentalinvestigationwasmadeina freejetatMachnumbers
of0.77,1.39,and1.98to determinetheaerodynamicheattransferbased
onfree-stresmpropertiesandthepressuredistributiononmodelswith
variousexternal-crosswise-stiffenerarra~ements.Thefollowingconclu- ‘. .-
sionscanbemade: *

m.- .. . .
—

=1, -
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1.Theaddition
mmiberscausedlarge

2.A% a
givenlength
plate.

3.At a
tionscaused
of stiffener

of stiffenersto a
pressurelossesin

flatplateatallthreeMach
theflowalongtheplate.

Machnumberof1.98, thegreaternuuiberof stiffenersina
producedthegreaterpressurelossesintheflowalongthe

Machnuuiberof1.98,themagnitudeofthepressurevaria.
by thefirstfourstiffenersremainedconstantregardless
height,stiffenerspacing,andmodelscale,

4.At allthreeMachnumbers,theStantonnumibersonthestiffeners
hadlsrgevariations,beingmaxim.unonthefrontfaceanddecreasingto
a hinimumoneitherthetopordownstreamsurface.

5.At al+hchnumberof1.98,an increasein stiffenerheight
decreasedtheaverageleveloftheStsmtonnumbersontheplatebetween
stiffeners.

6.At a Machnumberof1.98,theaverageleveloftheStantonnum-
bersontheplatebetweenstiffe~ers
stiffenerspacingormcdelscale.

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteefor

remain=dconstantregs.rdlessof

Aeronautics,
LangleyField,Vs.,WY 14,19570 -
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